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Deep Inelastic Scattering
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The 1982 EMC effect involves deep
iInelastic scattering from nuclei

EMC= European Muon Collaboration
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The EMC Effect
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The EMC EFFECT

JLab Q2=3-6 GeV?
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Q? dependence of nuclear effects
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modification of internal nucleon/pion quark
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* Quark based- high momentum suppression
implies larger confinement volume

(a) bound nucleon is larger than free one- a
mean field effect

(@) multi-nucleon clusters - beyond the mean
field
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One thing | learned since ‘85

Deep Inelastic scattering from nuclei-
nucleons only free structure function

 Hugenholz van Hove

N ol theorem nuclear
T e T stability implies (in rest
. frame) P*=P-=M,
— = — A(M, - 8 MeV)
| J - average nucleon k*
J— e | k*=My-8 MeV, Not much
*ra g ﬂ | spread
i F,,/A~F,, no EMC effect
e 0z 04 06 0 Momentum sum rule-

matrix element of energy
momentum tensor
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If Nucleus A-1 is highly excited, then\p Is big
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Highly virtualy-nucleon is not a nucleon- different quark config.
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Quark structure of nucleon

Frankfurt-

Schematic  Strikman

PLC two-component
BLC Le ® nucleon model:
| _ Blob-like config:BLC
gl(v?s high X point-like config: PLC
q(x L e
oy PLC does not  cinffi degli Atti ‘07
Freenucleon : Hy = [ VJ'B 5 } V>0 interact with
5 nucleus A U= (p E))/2M
N) =|B)+elP), e= z-Lpm <0 T=e S
He -69.40
12
Innucleus (M) : H = ! EB‘; U E‘; ] 168 :i;é:
40Ca -84.54
IN)ar = |B) + em|P), |eamr| < €|, PLC suppressed, epr — € > 0 amplitude effect! g -82.44
208 pp, -92.20

INYapr — |NY o (epr —€) x U = pQQ_J\ZnQ Shroedinger eq.

g () = q(x) + (epr — €) f(z) (), % < 0, x > 0.3 PLCsuppression

R=1a, dR _ (¢ _ e)% < 0 Reproduces EMC effect - like every model

q ) dx

Why this model??? Large effect if v = p? — m? is large, it is

large values from
two nucleon
correlations Simula

11
EFT: Chenetal ‘16



Implication of model

The two state model has a ground state |N) and an excited state |[N*)
[N)a = [N) + (e — €)|N7)
The nucleus contains excited states of the nucleon

These configurations are the origin of high x EMC ratios

12



A(e,e’) at x>1 shows dominance of 2N SRC
Q2

L = oM X goes from 1 to A

x=| is exact kinematic limit for all Q? for the scattering off a free nucleon;
x=2 (x=3) is exact kinematic limit for all Q2 for the scattering off a A=2(A=3)
system (up to <I1% correction due to nuclear binding)

M Strikman
| picture
Two nucleons cluster - G—>
Before absorption After absorption
of the photon two nucleons of SRC are fast
4
A T NN

A
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How/why nucleons in nuclel

cluster
one pion exchange between n and p
4 )
T | | pe--- S
huge
from
1 S. eq.
Y(k) ~ 2 \_ d )
300 MeV /c < k < 500 MeV /c Two nucleons are

Supports high momentum transfer stuck/struck together

Not effective range 14



Two nucleon correlations
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(e,e’) at high x

NN= np -Hen talk

np dominance -Hen talk
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Common cause of dR/dx and az(A):
large/dvirtuality

A (T

A

NN

r

Given Q?, x, p,

NN

A-2

p%-M? large

+

4-momentum conservation determines 22+ = o and v = p? — M?

Q> =27GeV*,p, =0

(04
1.5} P
/
Lo—— | 1
~ U
05l M
12 14 16 18 20

Pp

Sees wave function at a ~ 1.2

|U| is large v is large
can only get this from
short range correlation

large v is responsible for
both dR/dx and ax(A)
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Logic/Summary
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Implications for nuclear physics

Nucleus modifies nucleon electroweak
form factors

Nucleon excited states exist in nuclel

Medium modifications in deuteron
influence extracted neutron F»>

spectator tagging Cosyn talk
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Implication 1 for EIC?

Why are EMC ratios independent of QZ?

* |s the medium modification for matrix elements
yielding higher-twist effects same as for
leading twist? M. Strikman

« Can EIC add by examining Q% dependence

» Large x is on the kinematic edge, but perhaps
can do during a phase in which energy is
ramped up



Green
nucleons

Frankfurt Strikman and Guzey
Physics Reports 512 (2012) 255-393

no parton saturation

OEMC AE136

L eNMC & E665
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gluon saturation; many recent papers & discussion of detailed models

But nuclear wave functions
enter in all approaches
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All approaches need two-nucleon density: p(®(r1,1rs) = (4] D iz 0(r1 —1i)d(r2 —rj)|A4)

Compute thickness function
TR (b) = [7_day [T dzo pP (b1 = b, 21500 = b, 22)

@)

Usual approximation
p(2) (bl — b7 <15 b2 — b7 ZZ) ~2 p(b7 Zl)p(b7 22)

TO®b) = § ([, dzp(b2)) = AT()?

2

5
But ~ 20% of nucleons are in a correlated pair %
P (b1 = b 2132 = b 22) = plb, 2)p(b, 22)(1 + Clle1 — 2P|
TR (b) ~ T(b)? 4=, le =2 [, dzC(z)
10-20% reduction depending on nucleus! 0

Shadowing effects are overestimated by sign

Engel, Carlson, Wiringa ‘11

/2
ificant amounts

in all approaches that neglect effects of correlations
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Final summary

« EMC effect is related to NN correlations in
two theories. Mechanism: PLC
suppression enhanced by correlations

* Correlations account for high x plateau
seen in several experiments

» Correlations are important in nuclear
shadowing, important for EIC studies of
nuclear gluons
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